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(54) Lithium secondary battery 

(57) A lithium secondary battery contains an elec- 
trode body obtained by winding a positive electrode and 
a negative electrode via a separator, a non-aqueous 
electrolytic solution, and a battery case accommodating 
the electrode body and the non-aqueous electrolytic 
solution. A lid and a metal foil are adhered to each other 
with a resin to form a pressure-releasing valve and 
make air-tight the inside of the battery case. This sec- 
ondary battery is easy to produce and has excellent 
operational safety and excellent reliability. 
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Description 

Background of the Invention 
5 (1) Field of the Invention 

[0001] The present invention relates to a lithium secondary battery easy to produce and superior in operational sta- 
bility and reliability. 

10 (2) Description of Related Art 

[0002] In recent years, lithium secondary battery has been found practical application as a secondary battery small 
in size and high in enerqy densitv which can function as an electric source of electronic appliances such as portable 



communication ap p I ianc e/n ote bo ok type personal computer and the like, which are becoming increasingly smaller. 
15 Further, in a situation where resource saving and energy saving are internationally drawing people's attention for the 
protection of global environment, lithium secondary battery fur use as a battery for driving the motor of electric vehicle 
or hybrid electric vehicle is being developed in the automobile industry. In the electric power industry, lithium secondary 
battery is expected^as an equipment for night storage of electricity, for the effective use of electricity^and attention is 
being focussed on th^early'development-of"a^ra^icaTlarge-capacity lithium second^r^b¥tte7ysuhable for such appli- 



[0003] Lithium secondary battery uses a lithium transition metal compound oxide or the like as the positive elec- 
trode active substance and a carbon material such as hard carbon, graphite or the like as the negative electrode active 
substance. During charging, the lithium ion in the positive electrode active substance moves into the negative electrode 
active substance via an electrolytic solution which is a solution of lithium ion electrolyte in organic solvent, and is cap- 

25 tured; during discharging, a reverse battery reaction takes place. 

[0004] Thus, lithium secondary battery is a chargeable and dischargeable secondary battery. Since lithium second- 
ary battery has a high voltage and a high energy density as compared with conventional secondary batteries such as 
lead-acid battery and the like, safety mechanisms are employed therein in orderto avoid the troubles which may occur 
owing to abnormalities during charging and discharging. Lithium secondary battery needs to have, for example, a pres- 

30 sure-releasing valve as a safety mechanism for prevention of the bursting of battery which occurs owing to the increase 
in battery temperature caused by various reasons such as overdischarging (due to the short circuiting of output termi- 
nal), rapid or excessive charging (due to the failure of charger), application of reverse-direction voltage (due to the mis- 
take of operator) and the like. 

[0005] In JP-A-1 0-34071 7 is disclosed, as an example of the pressure-releasing valve, a safety valve constituted 
35 by closing a pressure-releasing hole formed in the lid of battery, with a rectangular thin plate having grooves (these 
grooves are broken when the internal pressure of battery increases). Also in JP-A-9-92338 is disclosed a pressure- 
releasing valve constituted by fitting a valve pressed by a spring, to the lid of a battery to seal the battery (when the inter- 
nal pressure of the battery increases, the valve pushes the spring to release the internal pressure). 
[0006] The rectangular thin plate disclosed in JP-A-1 0-34071 7 is fitted to the lid of battery by laser welding. There- 
to fore, the welding of the rectangular thin plate has problems in that a high equipment cost is required, the welding oper- 
ation requires a skill, and uniform welding is difficult The pressure-releasing valve disclosed in JP-A-9-92338 is 
provided in a state projecting from the end of battery; therefore, the workability of connecting a plurality of batteries in 
series or parallel is low, the connected batteries are presumably difficult to pack, and the large size and complicated 
internal structure of the pressure-releasing valve are considered to pose problems in weight and cost. 
45 [0007] When a pressure-releasing valve having any one of the above-mentioned structures is used in a secondary 
battery, it is absolutely necessary, in order for the pressure-releasing valve to function as such, that the case of the bat- 
tery is sealed tightly. Accordingly, it is necessary that at, for example, the area of the lid to which the pressure-releasing 
valve is fitted or the area at which the lid and the battery case are welded to each other, the associated members are 
tightly welded or sealed to each other. 
so [0008] As mentioned previously, in the lithium secondary batteries disclosed in JP-A-10-34071 7 and JP-A-9-92338, 
a metal pipe or the like is used as the battery case and the two ends thereof are sealed with a metal-made lid by laser 
welding; and there remain problems in equipment cost, production cost and workability. 

[0009] In JP-A-1 0-241645 is disclosed a method of tight sealing by caulking of a gasket. In JP-A-7-130341 is dis- 
closed a method of tight sealing by caulking of a gasket containing a propylene-ethylene copolymer. 
55 [001 0] In these tight sealing methods using a gasket, however, caulking is conducted without controlling the load of 
caulking or the deformation of gasket; therefore, the gasket is deformed in the plastic deformation range or the spring 
back of the metal (to which caulking is made) is not sufficiently absorbed; consequently, no sufficient areal pressure is 
obtainable and the leakage of non-aqueous electrolytic solution may occur. 
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Summary of the Invention , x t * * 

[001 1 ] In view of the above-mentioned problems of the prior art and the needed improvement therefor, the present 
invention aims at providing a lithium secondary battery of low cost wherein a pressure-releasing valve of simple^s truc- 
5 ture ha s been fitt ed by a simple method while the reliability is retained. 

^[00T2] ~Acc6T^irv^to~thV^ secondary battery comprising: 

an electrode body obtained by winding or laminating a positive electrode and a negative electrode via a separator, 
a non-aqueous electrolytic solution, and 
w a battery case accommodating the electrode body and the non-aqueous electrolytic solution, 

wherein two or more members are adhered to each other with a resin or pressure-welded to each other via an elas- 
tomer, or a resin is applied to or in the vicinity of the part where two or more members are pressure-welded, and 
thereby the battery case has a tightly sealed part. 

15 [001 3] In the lithium secondary battery of the present invention, the resin used is preferably an adhesive composed 
mainly of a polyimide, or a polyolefin type adhesive. A resin having good corrosion resistance to electrolytic solution and 
a high adhesive function is preferred. The members adhered or sealed using such a resin include a lid for battery case 
and a metal foil, which constitute a pressure -re I easing valve. When there is employed a pressure-releasing valve con- 
stituted by closing a pressure-releasing hole formed in a lid of battery case, with a metal foil and when the metal foil is 

20 adhered to the lid using the above resin to close the pressure-releasing hole, the formation of the pressure- re I easing 
valve is easy and simple and can be made for the lid per se. When the fixation of the metal foil is made using a resin 
and further employing caulking (the metal foil is pressure-welded), better sealing is secured. 

[0014] As other form of the pressure-releasing valve, there can be mentioned a pressure-releasing valve consti- 
tuted by closing a pressure -re leasing hole formed in a lid of battery case, with a metal foil by means of bending a pro- 

,?5 jection of the lid formed in the vicinity of the pressure-releasing hole, to caulk the metal foil via a spacer. As the spacer, 
a metal material having a Y oung's modulus of 1 70 GPa or rn orejs used preferably. Use of a spacer of ring shape having 
^ a curva ture at the inner edge is preferred b ecause it can"preventthe damage of the meta l foil caused by contact with 
" the spaceT and ca n k e e p t he p i upeTt les of the pressure-releasing valve at a required level. The radius of the curvature 
at the inner edge of the spacer is preferably 30 urn or more and 1/2 or less of the spacer thickness. 

30 [0015] In such a pressure- re leasing valve using a metal foil, it is preferred to place, in the pressure-releasing hole 
of a battery lid, the metal foil and a resin film having corrosion resistance to electrolytic solution, in two layers so that 
the resin film faces the interior of battery, because the corrosion of the metal foil can be prevented more reliably. The 
metal foil and the resin film need not be adhered to each other, but may be adhered with an adhesive. When they are 
adhered, designing of battery need be made so that the pressure releasability of pressure-releasing valve is not 

35 changed. As the resin film, there can be used a film made of a polyethylene, a polypropylene, a polyimide and a fluor- 
oresin. 

[0016] The metal foil is preferably one composed mainly of Al, Cu or Ni. A metal foil of higher purity is preferred 
because it has good corrosion resistance to non-aqueous electrolytic solution. The metal foil is preferably coated with 
a fluororesin. Of course, the metal foil may be made of an alloy of the above-mentioned metals. 

40 [001 7] When two members are pressure-welded via a metal foil to obtain tight sealing, there is, for example, a case 
that, in addition to the metal foil, an elastomer is interposed between the members. There is also a case that two mem- 
bers are pressure-welded via an elastomer alone to obtain tight sealing. In such a case, it is preferred to conduct pres- 
sure welding so that the deformation of the elastomer in the load direction becomes larger than the spring-back amount 
of the caulked portion and the stress applied to the elastomer becomes not smaller than 930 kPa and not larger than a 

45 level at which the retention of elasticity of the elastomer becomes 95% or more. Thereby, tight sealing is secured and 
the leakage of non-aqueous electrolytic solution can be prevented. 

[0018] The elastomer used at the sealing part of the present lithium secondary battery is preferably an elastomer 
processed into a predetermined dimension, i.e. a packing. As the specific material for the elastomer, there can be men- 
tioned an ethylene-propylene rubber, a polyethylene, a polypropylene and a fluororesin. It is preferred to provide, for at 

so least one of the members pressure- welded to each other via an elastomer, a stopper for controlling the deformation of 
the elastomer. The stopper can be provided preferably in the pressure-releasing hole formed in the lid of the battery. 
\ [001 9] In the present lithium secondary battery, since the resin used has an excellent corrosion resistance, reliabil- 
ity is secured even when a non-aqueous electrolytic solution containing a carbonic acid ester type organic solvent is 
used. Also in the present lithium secondary battery, use of a lithium manganese oxide spinel composed mainly of Li and 

55 Mn, having a cubic spinel structure, as the positive electrode active substance is preferred because an improvement in 
battery properties is obtained. The constitution employed in the present lithium secondary battery is preferably applica- 
ble to a battery having a capacity of 2 Ah or more. The resulting battery can be used preferably as an electric source 
battery for the motor of electric vehicle or hybrid electric vehicle. 
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Brief Description of the Drawings 
[0020] 

5 Fig. 1 is a perspective view showing the structure of a wound type electrode body. 

Fig. 2 is a sectional view showing one embodiment of the present lithium secondary battery using a wound type 
electrode body. 

Fig. 3 is a sectional view showing one embodiment of the structure of the pressure-releasing valve preferably used 
in the lithium secondary battery of the present invention. 
io Fig. 4 is a sectional view showing an example of application of a resin to the positive electrode side of battery. 
Fig. 5 is a perspective view showing the structure of a lamination type electrode body. 

Fig. 6 is a perspective view showing one embodiment of the lithium secondary battery using a rectangular parallel- 
epiped electrode body. 

Fig. 7 is a sectional view showing the structure of a test sample. 
15 Fig. 8 is a sectional view showing the schematic structure of a testing apparatus for measurement of sealbility. 

Fig. 9 is a sectional view showing other embodiment of the structure of the pressure -re I easing valve preferably 
used in the lithium secondary battery of the present invention. 

Fig. 1 0 is a sectional view showing still other embodiment of the structure of the pressure-releasing valve preferably 
used in the lithium secondary battery of the present invention. 
20 Figs. 1 1 (a) - 1 1 (c) are sectional views showing still other embodiment of the structure of the pressure-releasing 

valve preferably used in the lithium secondary battery of the present invention. 

Fig. 1 2 is a sectional view showing still other embodiment of the structure of the pressure-releasing valve preferably 
used in the lithium secondary battery of the present invention. 

Figs. 13(a) - 13(b) are graphs each showing a relation in an elastomer between the retention of elasticity and the 
25 amount of deformation. 

Detailed Description of Preferred Embodiments 

[0021] Next, description is made on the embodiments of the present invention with referring to the accompanying 
30 drawings. However, the present invention is not restricted to these embodiments. 

[0022] One type of structure of the electrode body used in lithium secondary battery is a wound type. As shown in 
a perspective view of Fig. 1 , a wound type electrode body 1 is constituted by winding, round a core 13, a positive elec- 
trode 2 and a negative electrode 3 via a separator 4 made of a porous polymer so that the positive electrode 2 and the 
negative electrode 3 make no direct contact with each other. A tab (electrode lead) 5 or 6 attached to the positive elec- 
ts trode 2 or the negative electrode 3 (hereinafter referred to as the electrode 2 or 3) may be at least one (in number); and 
it is easy to provide the tab 5 or 6 in a plurality of numbers for smaller collection resistance. 

[0023] The positive electrode 2 is produced by coating a positive electrode active substance on both sides of a col- 
lection substrate. As the collection substrate, there is used a metal foil having good corrosion resistance to electro- 
chemical reaction of positive electrode, such as aluminum foil, titanium foil or the like. Besides, there can be used a 

40 punched metal or a mesh. As the positive electrode active substance, there is preferably used a lithium transition metal 
compound oxide such as lithium manganese oxide, lithium cobalt oxide, lithium nickel oxide, or the like. Preferably, a 
fine carbon powder such as acetylene black or the like is added as a conductivity-improving agent. 
[0024] Use of, in particular, lithium manganese oxide having a cubic spinel structure (hereinafter referred to as "lith- 
ium manganese oxide spinel") as the positive electrode active substance is preferred because the use, as compared 

45 with use of other positive electrode active substance, can allow the electrode body 1 to have a small resistance. The 
coating of the positive electrode active substance can be conducted by adding a solvent, a binder, etc. to a positive 
electrode active substance powder to prepare a slurry or a paste, coating the slurry or paste on a collection substrate 
using a roll coater or the like, and drying the resulting material. Thereafter, pressing or the like is conducted as neces- 
sary. 

so [0025] The lithium manganese oxide spinel is not restricted to a stoichiometric composition alone; and a spinel rep- 
resented by a general formula LiM x Mn 2 , x 0 4 (M is a substitution element and X is a substitution amount) obtained by 
substituting part of Mn of the stoichiometric composition with other element, may also be used preferably. As the sub- 
stitution element M, there can be mentioned Li, Fe, Mn, Ni, Mg, Zn, B, Al, Co, Cr, Si, Ti, Sn, Ti, Sn, P, V, Sb, Nb, Ta, Mo 
and W. 

55 [0026] The substitution element M is occluded in LiMn 2 0 4 theoretically in the form of monovalent (Li), bivalent (Fe, 
Mn, Ni t Mg or Zn), trivalent (B, Al, Co or Cr), tetravalent (Si, Ti or Sn), pentavalent (P, V, Sb, Nb or Ta) or hexavalent (W) 
ion. Co and Sn may also be bivalent; Fe, Sb and Ti may also be trivalent; Mn may also be trivalent or tetravalent; and 
Cr may also be tetravalent or hexavalent Therefore, the substitution element M may be present in a mixed valency state 
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depending upon the kind. The amount of pxygen need not be 4 as in the case of stoichiometric composition and may 
be partly short or excessive as long as the required crystal structure is maintained. 

[0027] The negative electrode 3 can be produced in the same manner as for the positive electrode 2. As the collec- 
tion substrate of the negative electrode 3, there is preferably used a metal foil having good corrosion resistance to elec- 
5 trochemical reaction of negative electrode, such as copper foil, nickel foil or the like. As the negative electrode active 
substance, there is used an amorphous carbon material (e.g. soft carbon or hard carbon) or a highly graphitized carbon 
powder (e.g. artificial graphite or natural graphite). 

[0028] As the separator 4, there is preferably used a three-layer separator obtained by interposing a microporous, 
lithium ion-transmittable polyethylene film (PE film) between porous, lithium ion-transmittable polypropylene films (PP 

w films). In this separator, when the temperature of the electrode body 1 increases, the PE film softens at about 130°C, 
the micropores are collapsed, and the movement of lithium ion, i.e. the battery reaction is suppressed; thus, the sepa- 
rator functions also as a safety mechanism. By interposing the PE film between the PP films of higher softening point, 
the PP films retain the shape even when the PE film softens, whereby the contact and short-circuiting between the pos- 
itive electrode 2 and the negative electrode 3 is prevented, battery reaction is prevented reliably, and safety is secured. 

is [0029] During the operation of winding the electrodes 2 and 3 and the separator 4, a tab 5 or 6 is fitted to the area 
of the electrode 2 or 3 at which no electrode active substance is coated and where the collection substrate is exposed. 
As the tab 5 or 6, there is preferably used a foil made of the same material as for the collection substrate of the electrode 
2 or 3. The fitting of the tab 5 or 6 to the electrode 2 or 3 can be conducted by ultrasonic welding, spot welding or the 
like. Preferably, the tab 5 or 6 is fitted to one end of the electrode body 1 and the other tab is fitted to other end of the 

20 electrode body 1 , because contact between the tab 5 and the tab 6 is avoidable. 

[0030] The produced electrode body 1 is placed in a battery case in a state that the tab 5 or 6 is connected to a 
terminal for taking out the electricity generated, to outside; the electrode body 1 is impregnated with a non-aqueous 
electrolytic solution; then, the battery case is sealed; thereby, a battery is produced. 

[0031] Fig. 2 is a sectional view showing one embodiment of the lithium secondary battery of the present invention 
25 using a wound type electrode body 1 . In a battery 50, the tab 5 or 6 of an electrode body 1 is collectively connected, by 
caulking, to a rivet used as a positive electrode internal terminal 74A made of aluminum, or as a negative electrode 
internal terminal 74B made of copper. The positive electrode internal terminal 74A is welded to a positive electrode lid 
71 A made of aluminum; to the positive electrode lid 71 A is welded a positive electrode external terminal 73A of female 
screw shape, made of aluminum; whereby a current path is formed 
30 [0032] Beneath the positive electrode external terminal 73A is formed an inlet 77 for electrolytic solution which pen- 
etrates the positive electrode lid 71 A. The positive electrode lid 71 A has a pressure-releasing hole 85 and also has a 
metal foil 86 adhered thereto so as to close the pressure-releasing hole 85 from the inner side of battery, whereby a 
pressure-releasing valve 88 is formed. 

[0033] The structure of the negative electrode side of battery is similar to that of the positive electrode side. A neg- 
35 ative electrode internal terminal 74B, a negative electrode lid 71 B and a negative electrode external terminal 73B of 
male screw shape are preferably made of copper. The negative electrode lid 71 B has a pressure-releasing valve 88 but 
has no inlet 77 for electrolytic solution. Such external terminals 73A and 73B formed in such shapes as to allow mutual 
bonding are preferred because a plurality of batteries 50 having such external terminals can be connected in series 
easily. The connection can be made simply by rotating one battery 50 to screw its negative electrode exterior terminal 
40 73B into the positive electrode external terminal 73A of other battery 50. 

[0034] Projections 81 of battery case 72 are formed by placing, in a cylindrical battery case 72, the electrode body 
1 fitted with the internal terminals 74A and 74B, etc. of the positive and negative electrodes, and subjecting the battery 
case 72 to squeezing at the positions close to the two ends of the electrode body 1 . The two ends of the battery case 
72 are subjected to caulking using an insulating sealing material 82 so that the battery case 72 and the lid 71 A or 71 B 
45 of the positive or negative electrode do not communicate with each other, whereby sealing is made. Between the elec- 
trode body 1 and the inside of the battery case 72 is provided an insulating polymer film 79, whereby insulation is 
secured between the electrode body 1 and the battery case 72. 

[0035] Filling of a non-aqueous electrolytic solution into the battery 50 can be easily conducted, for example, by 
placing the battery 50 in a vacuum atmosphere with the inlet 77 for electrolytic solution positioned above, inserting a 
so nozzle (for injection of electrolytic solution) into the bottom of the battery in such a manner that the nozzle passes 
through the inlet 77 and the hollow portion of the core 1 3, pouring a required amount of a non-aqueous electrolytic solu- 
tion to thoroughly impregnate the electrode body 1 with the electrolytic solution, discharging the excessive portion of 
the electrolytic solution using the nozzle in an inert gas atmosphere, and sealing the inlet 77 for electrolytic solution, 
with a screw. 

55 [0036] As the non-aqueous electrolytic solution, there can be preferably used a solution obtained by dissolving at 
least one kind of electrolyte selected from lithium complex fluorine compounds (e.g. LiPF 6 and LiBF 4 ), lithium halides 
(e.g. LiCI0 4 ), etc., in a single or mixed organic solvent selected from carbonic acid esters [e.g. ethylene carbonate (EC), 
diethyl carbonate (DEC), dimethyl carbonate (DMC) and propylene carbonate (PC)], y-butyro lactone, tetrahydrofuran, 
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acetonitrile, etc. 

[0037] Next, in-depth description is made on the pressure- re leasing valve 88 provfded in the lid 71 A or 71 B. Fig. 3 
is an enlarged sectional view of the structure of the pressure-releasing valve 88 shown in Fig. 2. In the present inven- 
tion, the fitting of a metal foil 86 (which is to close a pressure-releasing hole 85) to the lid 71 A or 71 B is preferably con- 
s ducted using, as a resin 87, an adhesive composed mainly of, in particular, a polyimide. Three important cares which 
must be taken in using a resin material in lithium secondary battery, are heat resistance, corrosion resistance to elec- 
trolytic solution and tight sealing. 

[0038] Polyimide resins have high curing temperatures of about 200 to 300°C and are superior in heat resistance. 
Once the temperature of electrolytic solution increases, the breakage of pressure-releasing valve takes place owing to 
io the vaporization of electrolytic solution and consequent increase in battery pressure, earlier than the deterioration of 
polyimide resin, whereby the function of pressure-releasing vale is fulfilled. There are cases that the electrolytic solution 
contains a carbonic acid ester type organic solvent (this solvent is capable of dissolving various kinds of resins). Poly- 
imide resins have excellent corrosion resistance even to such a non-aqueous electrolytic solution. Further, polyimide 
resins can provide good sealing between members and show an excellent adhesive property. 
15 [0039] It is possible to use, as the resin 87, a polyolefin type adhesive, specifically a polypropylene type rubber or 
/ the like. However, from the standpoints of adhesivity and heat resistance, use of a polyimide resin is preferred. 
J [0040] As the metal foil 86 as part of the pressure- re I easing valve 88, there is preferably used one composed 
] mainly of Al, Cu or Ni. Since the metal foil 86 makes direct contact with an electrolytic solution, it preferably has excel- 
V lent corrosion resistance to electrolytic solution, that is, a high purity. Needless to say, the metal foil 86 may be corn- 
el posed of an alloy of the above metals. A metal foil 86 coated with a fluororesin is also preferred because improvement 
in durability is obtained. 

[0041] Such a pressure-releasing valve 88 can be formed simply by coating the resin 87 on the lid 71 A or 71 B 
before assembling of battery, at the circumference of the pressure-releasing hole 85, pressing the metal foil 86 onto the 
coated resin, and allowing the resulting material to stand in a drier. This provides various advantages such as reduction 
25 in equipment cost, simplification in battery assembling operation, and improvement in production yield. 

[0042] The position of the pressure- releasing valve 88 in the lid 71 A or 71 B is not restricted to that shown in Fig. 3. 
It is possible to form a plurality of pressure-releasing valves 88 in the lid 71 A or 71 B, in view of the position of the internal 
terminal 73A or 73B. 

[0043] In the pressure-releasing vaive 88, the pressure-releasing hole 85 is closed with the metal foil 86 from the 
30 inner side of the battery 50. It is also possible to close the pressure-releasing hole 85 from the outer side of the battery 
50; in this case, however, care must be taken so as to avoid the damage of the metal foil 86 by a external force. There- 
fore, it is preferred to use a structure in which the pressure-releasing hole 85 is closed with the metal foil 86 from the 
inner side of the battery 50. In this case, in order for the function of the pressure-releasing valve 88 not to be deterio- 
rated, it is possible to attach a metal mesh or the like to the outer side of the lid to cover the pressure-releasing hole 85 
35 and protect the metal foil 86. 

[0044] Next, other embodiment of the pressure-releasing valve used in the present invention is shown in Fig. 9. In 
this pressure-releasing valve 51 , a dented portion 62 is formed at one aide of a lid 59; at the bottom of the dented por- 
tion 62 are fixed, in layers, a resin film 63 (lower) and a metal foil 86 (upper) using a resin 87. Needless to say, a pres- 
sur -releasing hole communicates with the bottom of the dented portion 62. In assembling a battery, the lid 59 is placed 
so that the resin film 63 faces the interior of the battery. 
[0045] Since an electrolytic solution makes direct contact with the resin film 63 and the resin 87, there is preferred, 
as the resin film 63, a film having excellent corrosion resistance to electrolytic solution, such as polyethylene film, poly- 
propylene film, polyimide film or fluororesin. Since the resin film 63 and the metal foil 86 are fixed with the resin 87 
alone, there is preferred, as the resin 87, a polyimide resin as in the above-mentioned pressure-releasing valve 88. 
45 [0046] In the pressure -re teasing valve 51 , since the resin film 63 is used, the metal foil 86 makes no direct contact 
with an electrolytic solution. Therefore, it is possible to use, as the metal foil 86, a metal foil having no corrosion resist- 
ance to electrolytic solution, a low-purity Al foil or the like. However, when corrosion of the metal foil 86 caused by the 
progress of corrosion of the resin film 87 is considered, the metal foil 86 is preferably a high-purity Al foil or the like, hav- 
ing excellent corrosion resistance to electrolytic solution. 
so [0047] Next, still other embodiment of the pressure-releasing valve used in the present invention is shown in Fig. 
1 0. In this pressure-releasing valve 61 , a dented portion 62 is formed at one side of a pressure -releasing hole 85 formed 
in a lid 59; on the bottom of the dented portion 62 are placed a resin film 63, a metal foil 86 and a metallic spacer (a 
washer) 64 (these members are hereinafter referred to as "the resin film 63, etc.") in this order. Between the individual 
members of the resin film 63, etc. and between the side of the dented portion 62 and the resin film 63, etc. is filled and 
55 cured a resin 87. The side of the dented portion 62, which was originally formed as a projection 66, is bent, whereby 
the resin film 63, etc. are caulked and fixed strongly. 

[0048] In producing a battery, a lid 59 is fixed so that the resin film 63 faces the interior of the battery. Since an elec- 
trolytic solution makes direct contact with the resin film 63 and the resin 87, the resin film 63 and the resin 87 are pref- 
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erably made of a material having excellent corrosion resistance to electrolytic solution, as in the case of the pressure- 
releasing valve 51. As the metal foil 86, a metal foil having no corrosion resistance to electrolytic solution, a low-purity 
Al foil, or the like can be used. 

[0049] The washer 64 is preferably made of a metal. The metal preferably has a Young's modulus of 170 GPa or 
more in or deTfo~avoid acase where the washer 64 per se *is stretched by caulking and no sufficient caulking pressure 
is applied. No corrosion resistance to electrolytic solution is required for the washer 64. Therefore, the washer 64 can 
be made of various materials such as stainless steel and the like. However, when the progress of corrosion of the resin 
87 is considered, each of the metal foil 86 and the washer 64 is preferably made of a material having excellent corrosion 
resistance to electrolytic solution. The washer 64 may also be made of an engineering ceramic. 
w [0050] The further feature of the pressure -releasing valve 61 lies in that the resin film 63, etc. are fixed by caulking 
of the projection 66. As in the above-mentioned pressure-releasing valves 88 and 51 , the metal foil 86 and/or the resin 
film 63 is fixed using the resin 87 and thereby the pressure-releasing hole 85 may be closed. When, in addition thereto, 
caulking is conducted utilizing the elasticity of the resin 87 to fix the resin film 63, etc., there are obtained the tightness 
of the pressure-releasing valve 61 , improved fixation strength, and improved reliability. 
15 [0051] In the pressure-releasing valve 61 , therefore, no strong adhesivity is required for the resin 87, and the most 
important property for the resin 87 is to show appropriate elastic deformation to caulking and have corrosion resistance 
to electrolytic solution. Hence, as the resin 87, there is preferred a polyolefin type resin (e.g. ethylene-propylene rubber, 
polyethylene or polypropylene) or a fluororesin. A polyimide resin may also be used, but hardly shows appropriate elas- 
tic deformation to caulking. 

[0052] In the pressure -re leasing valve 61 , it is not necessary that the resin 87 is used in a particular restricted site 
as seen in Fig. 10. It is possible that, as in a pressure-releasing valve 69 (described later) shown in Rg. 12, there is 
used, as the resin 87, a packin g corresponding to the shape of the pressure-releasing valve 61 and that the packing is 
caulked while showingapprop'riafe elastic deformation, to fix the resin film 63, etc. 

[0053] Since the resin 87 an d the resin film 63 can be considered as an elast omer, it is preferred that, in caulking 
25\ the resin film 63, etc., the defoTnTatlun or We elaslohler in the load direction (the vertical direction in Fig. 10) is larger 
than the spring-back amount of the caulked portion and that the stress applied to the elastomer is not smaller than 980 
kPa and not larger than a level at which the retention of elasticity of the elastomer becomes 95% or more. 
[0054] The spring-back amount of the caulked portion refers to a displacement from standard position which 
appears when, in Fig. 10, the resin film 63 and the resin 87 are removed and only the washer 64 and the metal foil 86 
30 are subjected to caulking by an. autograph (this position is taken as a standard position), and then the load applied is 
gradually decreased (with the displacement being monitored) and finally released completely. Therefore, when the 
deformation of the elastomer in the load direction is larger than the spring-back amount of the caulked portion, no gap 
appears even after the completion of caulking and thereby there occurs no leakage of non-aqueous electrolytic solution. 
[0055] The retention of elasticity of the elastomer is expressed by a change in thickness before and after application 
35 of stress when a compression stress is applied to the elastomer processed so as to have a shape of, for example, 10 
mm (outer diameter) x 7 mm (inner diameter) x 1 mm, using an autograph and the compression stress is released after 
the lapse of a given time. That is, when the thickness of the elastomer before application of stress is A n and the thick- 
ness of the elastomer after application of stress is B 1( the elasticity retention D of the elastomer is given as follows. 



D = (B 1 /A 1 )x 100 



[0056] An elasticity retention of 95% or more can promise a required elasticity and a required plane pressure. 
Meanwhile, in conducting caulking, it is necessary to apply, to the elastomer, such a stress that is not larger than the 
pressure at which the pressure -releasing valve 61 operates and that causes no leakage of electrolytic solution from the 
pressure-releasing hole 8 5. 980 kPa is a yardstick for the pressure at which the pressure-releasing valve 61 operates. 
Therefore, when the operable pressure 'of the pressure^ releasing valve 61 is set low, the stress applied to the elastomer 
for caulking can naturally be small. 

[0057] Figs 13(a) to 13(d) show a relation between stress applied and elasticity retention or displacement, of an 
elastomer [ethylene-propylene rubber (a), fluororesin (b), polyethylene (c) or polypropylene (d)] processed into a size 
so of 1 0 mm (outer diameter) x 7 mm (inner diameter) x 1 mm. The slant line area shown in each Fig. is a preferred range 
of the present invention and an area where good sealing is obtained. As is clear from Figs. 13(a) to 1 3(d), the range of 
stress applicable to elastomer differs depending upon the material of the elastomer used. 

[0058] Viewed from the above utilization of the elasticity of the resin 87, it is also possible to utilize the elasticity pos- 
sessed by the resin film 63. In this case, the presence of the resin 87 is not necessary. For example, when a polyethyl- 
55 ene film, a polypropylene film or a fluororesin film is used as the resin film 63, even if no resin 87 is used, sufficient 
tightness of pressure-releasing valve can be secured only by caulking. As the resin film 63, a polyimide film may also 
be used. 

[0059] In forming a pressure-releasing valve 61 , first, there is prepared a lid 59 in which a dented portion 62 and a 
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projection 66 (this is proj ected per gegdjc.u larl v relative to the surface of the l id, before caulking) have been formed; in 
the dented portion 62 are placed a resin film 63 and a metal foil 86, and a resin 87'is fiiie d;Then, a washer 64 is placed, 
f o llo wed by curing of the resin 87. TflterrjativelQ j^ I 86 and th e washer 64 are placed and 

thenjhejgs in 87 is fill ed and cured. Subsequently, the projec tion 66 is' graduajl y bent using a ji g so as to avoid the "^ 

5 breakage of the projection 66, to conduct^'^iking^a given pressure, whereby a pressure-releasing valve 61 can beT 
formed. Incidentally, by forming a gap 65 between the resin film 63, etc. and the side of the dented portion 62, it is pos- 
sible to prevent the deformation of the resin film 63, etc. caused by the deformation of the projection 66 and also to con- 
duct the filling of the resin 87 easily. 

[0060] In the pressure-releasing valve 61 , the metal foil 86 and the washer 64 make direct contact with each other 
w at a high pressure, in most cases. Therefore, when there is used, as the washer 64, a ring-shaped material having, at 
the inner edge, a projection such as fin or the like, the metal foil 86 is damaged by the fin or the like, the tightness inside 
battery is lost, and there occurs leakage of non-aqueous electrolytic solution or pressure release at a low battery-inside 
pressure. 

[0061] Hence, it is preferred to allow the inner edge of the washer 64 to have a curvature because the damage of 
15 the metal foil 86, caused by the contact with the washer 64 can be avoided and the pressure-releasing valve 61 can 
maintain a required function. Incidentally, the radius of curvature at the inner edge of the washer 64 is preferably 30 \im 
or more and 1/2 or less of the thickness of the washer 64. 

[0062] The method for fixing the resin film 63, etc. by caulking is not restricted to that shown in Fig. 1 0. Figs. 1 1 (a) 
to 1 1(c) are sectional views of pressure-releasing valves 68A to 68C obtained by other caulking method. In the pres- 

20 sure-releasing valve 61 , caulking is conducted by bending the projection 66. Meanwhile, in the pressure-releasing valve 
68A, caulking is conducted by fitting a ring 55 having an inclination at the outer circumference; in the pressure-releasing 
valve 68B, caulking is conducted by fitting a ring 56 having a convex (a bulge) at the outer circumference; in the pres- 
sure-releasing valve 68C, caulking is conducted by a ring 58 capable of fixing a washer 64 by crushing a rivet 57. 
[0063] In forming the above-mentioned pressure-releasing valve by caulking, the structure of the pressure-releas- 

25 ing valve makes it difficult to control the stress of caulking at a particular level. For example, in the case of the pressure- 
releasing valve 61, it is thought to be possible that the stress of caulking is kept at a particular level by making constant 
the amount of bending of the projection 66; however, the stress of caulking differs depending upon the variation of the 
filling amount of the resin 87. 

[0064] Therefore, in forming a pressure-releasing valve by caulking, it is preferred to use a means for controlling the 
30 deformation of an elastomer at a particular level. Fig. 12 shows a pressure-releasing valve 69 having a structure in 
which a packing 89 is used as an elast omer and, in order to control the deformation of the packing at a particular level, 
a^stopper'91'is proviaea so mat tne amount of a washer 64 for ced into the pacKing side goes not exceea a particula r 
Jevel. Th us, use, for one of the members pressure-welded to each other via an elastomer, ot a stopper capable of con- 
■ trolling the deformation of the elastomer, is preferred for the purpose of controlling the stress of caulking and maintain- 
35 ing the property of the caulked part at a particular level. 

[0065] In the above-mentioned pressure-releasing valve 51 , 61, 68A to 68C or 69 (hereinafter referred to as "the 
pressure- re leasing valve 51 or the like") comprising a resin film 63 and^a,metaljfoll 86^the resin film 63 an d t he jrietaj ^ 
foil 86 are adheredto each oth er wjt h^a resin 87aftffeir J^ifiherjesj^ 

portions corresp onding to the press u ce- re I easijjgJioJeJJS. Therefore, the^oc^able^ pxess u rejjf the p ress u re - rejeasin; g 
40 ' valve 51 or the like (the pressure at which the valve operates)" islietermined by the rupture pressure of the metal foil 86 
or the ru pfure pre ssureo'f Ihl TTesjj^l^ .63 .and Jt.does notfol low that theloperable^p ress u re becomes very large by the 
-combinecTuse [of t he two m embers. 

~[0066] "it is possible to form-t he-pressure- re I easing valve 51 or the like in a state that the resin film 63 and the metal 
foil 86 are adhered to eac h other. In that c ase, it is possible to set the operable pressure of the pressure-releasing valve 
45 51 orfhelike simil arly to the case using the metal foil 86 alone, by controlling the adhesive strength of the adhesivejayer 
betweerTthe resin film 63 and the metal foil 86 orthe burst pressure of trieadhesive. 

"[0067] In-formation-of-the-pressufe-releasing valve 51 orthe like, adhesion of the metal foil 86 to the position of the 

lid 71 A or 71 B at which the pressure-releasing hole 85 Is formed, has a connection with the tight sealing of battery case, 
because the pressure-releasing hole 85 is closed by the adhesion. In the present invention, it is possible to adhere two 
so or more members with a resin or pressure-weld two or more members via an elastomer (including a resin), as men- 
tioned previously; it is also possible to fill or apply a resin to or in the vicinity of the pressure -welded part of two or more 
members, whereby more reliable tight sealing of battery case can be obtained. 

[0068] For example, Fig. 4 is a case in which a resin has been applied at the positive electrode terminal side of a 
battery 50. In the vicinity of the end of a battery case 72, bent by caulking is filled and cured a resin 87, whereby the 
55 sealing reliability of the caulked part can be further improved. In this case, since filling of the resin 87 is conducted at 
the final stage of battery assembling, it is impossible to conduct curing of the resin 87 by placing the whole battery 50 
in a drier or the like. Curing of the resin 87 can be conducted by using, for example, an Infrared heater enabling local 
heating. 
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[0069] In the above, description has,be t en made on the embodiments of the lithium secondary battery using a 
wound type electrode body, of the present invention. In the present lithium secondary battery, the electrode body may 
be a lamination type as shown in Fig. 5. In Fig. 5, a lamination type electrode body 7 is obtained by laminating a positive 
electrode 8 and a negative electrode 9 each of particular shape alternately with a separator 10 being placed between 

5 each two adjacent electrodes; to each electrode 8 or 9 is fitted at least one tab 11 or 1 2. The material for electrode 8 or 
9 t the method for production thereof, etc. are the same as for the electrodes of wound type electrode body. 
[0070] A perspective view of Fig, 6 shows one embodiment of the lithium secondary battery obtained by accommo- 
dating the rectangular parallelepiped electrode body 7 (not shown in Fig. 6) shown in Fig. 5, in a battery case. In the 
structure of a battery 20, a box with a bottom is used as a battery case 15; an electrode body 7 (not shown) is accom- 

w modated in the battery case 15; a tab 1 1 or 12 (not shown) is welded to a positive electrode external terminal 16 or a 
negative electrode external terminal 1 7 fitted to a lid 1 9; a projection or the like for positioning of the lid 1 9 is provided 
in the vicinity of the opening end of the battery case 19; a sealing agent is applied between the lid and the battery cas 
15 as in the case of sealing the end of the above-mentioned battery 50; the opening end of the battery case 15 is bent 
to obtain tight sealing of the battery case 15. 

rs [0071] A pressure-releasing valve is formed in the battery case 15 preferably at a position facing the section of the 
lamination type electrode body 7. In the battery 20, therefore, the position becomes a side of the battery case 15. It is 
impossible to fit a thin metal plate to such a position at the inside of the battery case 1 5, according to conventional weld- 
ing. As easily anticipated, fitting, at the side of the battery 20, of a projecting type pressure- re I easing valve as disclosed 
in JP-A-9-92338 poses a problem in in-series or parallel connection of a plurality of batteries 20, or tends to incur the 

20 breakage of battery during handling. 

[0072] However, it is easy to form a pressure- re leasing hole 14 at the side of the battery case 15 by processing; 
also, it is very easy to close the pressure-releasing hole 1 4 at the inside of the battery case 15 by adhering a metal foil 
1 8 with a resin. Of course, a resin can be filled at the bent part of the opening end of the battery case 15 in the same 
manner as in the case of the above-mentioned battery 50, in order to obtain more reliable sealing between the battery 

25 case 15 and the lid 19. 

[0073] The lithium secondary battery of the present invention is not restricted as to the structure, as seen in the 
above embodiments; however, can preferably be employed as a battery of large capacity in which the formation of a 
pressure -re leasing valve is desired at the two ends. Specifically, the present battery is preferably employed as a battery 
having a capacity of 2 Ah or more. The present battery is not restricted as to the application, either; however, it can be 
30 used, for the low cost and high reliability, particularly preferably as a power source battery for driving an electric vehicle 
or a hybrid electric vehicle. 

[0074] Next, the present invention is described by way of Examples. However, the present invention is not restricted 
to these Examples. 

35 Example 1 

[0075] Each sample 35 used for testing was produced as shown in Fig. 7 by adhering a metal foil 33 on one side of 
a disc 32 having a hole 31 in the center, with a polyimide 34, keeping the resulting material at the maximum temperature 
of 300°C for 1 hour to cure the polyimide resin 34 and thereby close the hole 31 . The materials, etc. used in production 
40 of the sample 35 are shown in Table 1 . The disc 32 had an inner diameter of 6 mm, an outer diameter of 20 mm and a 
thickness of 2 mm. 



Table 1 



45 


Sample No. 


Number of 
samples 


Material of 
disc 


Material of 
foil 


Thickness 
of foil 


Resin 


Pressure in 
test 


Test result 


SO 


1 


10 


Cu 


Cu 


10 urn 


Polyimide 


2 atm. 


No leakage 
in all sam- 
ples 




2 


10 


Al 


At 


10 u.m 


Polyimide 


2 atm. 


No leakage 
in all sam- 
ples 


55 


3 


10 


Al 


Ni 


10 um 


Polyimide 


2 atm. 


No leakage 
in all sam- 
ples 
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[0076] In order to examine the accelerated deterioration of the sealed part of each sample 35 (the part of disc 32 
to which the metal foil 33 was adhered), each sample 35 was immersed in a solution (a non-aqueous electrolytic solu- 
tion of lithium secondary battery) obtained by dissolving an electrolyte LiPF 6 in a mixed (50/50 by volume) solvent of 
EC and DEC, and kept in that state at 100°C for 400 hours. 

[0077] Each sample 35 after the above treatment was placed in a test apparatus 36 shown in Fig. 8 to evaluate the 
sealing property of the sample. In the test apparatus 36, the sample 35 was interposed between a SUS-made thick ring 
38 and a MC nylon-made cylinder 39 via packings 40 (the packings contacted with only the disc 32); and the cylinder 
39, the sample 35 and the packings 40 were fixed by tightening the ring 38 and other SUS-made thick ring 37 using 
bolt/nuts 41. The test apparatus 36 was immersed in water; air of 2 atm. (about 0.2 MPa) was fed from a hole formed 
in the ring 37 to examine the generation or no generation of bubbles; thereby leakage of air through the sample 35 was 
examined. 

[0078] The test results are shown in Table 1 . In all samples, there was no leakage through the sealed part of the 
sample. Therefore, it was confirmed that the sealed part formed using a polyimide resin shows good corrosion resist- 
ance to electrolytic solution and has good sealing property. 

Example 2 

[0079] 10 test samples with a pressure-releasing valve 69 having a structure shown in Fig. 12 were produced by 
using a stainless spring steel of 1 0.8 mm (outer diameter) x 7.0 mm (inner diameter) x 0.5 mm as the spacer 64, a fluor- 
oresin-coated metal foil of 10.8 mm (diameter) x 0.1 mm as the metal foil 86, and an ethylene-propylene rubber of 10.8 
mm (outer diameter) x 7.0 mm (inner diameter) x 1 mm as the packing 89 and by caulking the projection 66 using a 
stopper 91 so that the deformation of the packing 89 became 300 u/n. 

[0080] In order to examine the accelerated deterioration of the sealed part of each test sample, each test sample 
was immersed in a solution (a non-aqueous electrolytic solution of lithium secondary battery) obtained by dissolving an 
electrolyte LiPF 6 in a mixed (50/50 by volume) solvent of EC and DEC, and kept in that state at 80°C for 1 ,000 hours. 
Each test sample after this treatment was evaluated for sealing property in the same manner as in Example 1, using 
the test apparatus 36 shown in Fig. 8. 

[0081] In all test samples, there was no leakage through the sealed part of the sample. Therefore, it was confirmed 
that the sealed part formed by a combination of a packing and caulking shows good corrosion resistance to electrolytic 
solution and has good sealing property. 

[0082] As described above, in the present invention, a pressure-releasing valve can be formed by a simple method 
and a battery case having tight sealing of improved reliability can be provided. Further in the present invention, since 
no large and costly equipment is required, battery production is easy and production yield is improved, and a battery of 
low cost and high reliability can be produced. 

[0083] A lithium secondary battery contains an electrode body obtained by winding a positive electrode and a neg- 
ative electrode via a separator, a non-aqueous electrolytic solution, and a battery case accommodating the electrode 
body and the non-aqueous electrolytic solution. A lid and a metal foil are adhered to each other with a resin to form a 
pressure-releasing valve and make air-tight the inside of the battery case. This secondary battery is easy to produce 
and has excellent operational safety and excellent reliability 

Claims 

1 . A lithium secondary battery comprising: 

an electrode body obtained by winding or laminating a positive electrode and a negative electrode via a sepa- 
rator, 

a non-aqueous electrolytic solution, and 

a battery case accommodating the electrode body and the non-aqueous electrolytic solution, 
wherein two or more members are adhered to each other with a resin or pressure -welded to each other via an 
elastomer, or a resin is applied to or in the vicinity of the part where two or more members are pressure- 
welded, and thereby the battery case has a tightly sealed part. 

2. A lithium secondary battery according to Claim 1 , wherein the resin is an adhesive composed mainly of a polyim- 
ide, or a polyoiefin type adhesive. 

3. A lithium secondary battery according to Claim 1 or 2, wherein the lid of the battery case has a pressure- releasing 
valve constituted by closing a pressure-releasing hole formed in the lid, with a metal foil and adhered to the lid with 
said resin. 
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4. A lithium secondary battery according tq t Claim 3, wherein the metal foil is pressure-welded to the lid by caulking. 

5. A lithium secondary battery according to Claim 1 , wherein the lid of the battery case has a pressure-releasing valve 
constituted by closing a pressure-releasing hole formed in the lid, with a metal foil by means of bending a projection 

5 of the lid formed in the vicinity of the pressure- re I easing hole, to caulk the metal foil via a spacer. 

6. A lithium secondary battery according to Claim 5, wherein the spacer is made of a metal material having a Young's 
modulus of 1 70 GPa or more. 

w 7. A lithium secondary battery according to Claim 5 or 6, wherein the spacer is ring-shaped and has a curvature at 
the inner edge. 

8. A lithium secondary battery according to Claim 7, wherein the radius of the curvature at the inner edge of the 
spacer is 30 \im or more and 1/2 or less of the thickness of the spacer. 

15 

9. A lithium secondary battery according to any of Claims 3 to 8, wherein the metal foil and a resin film having corro- 
sion resistance to electrolytic solution are provided in layers in the pressure-releasing hole so that the resin film 
faces the interior of battery. 

20 1 0. A lithium secondary battery according to Claim 9, wherein the metal foil and the resin film are adhered to each other 
with an adhesive. 

11. A lithium secondary battery according to Claim 9 or 10, wherein the resin film is any of a polyethylene, a polypro- 
pylene, a polyimide and a fluororesin. 



25 



30 



35 



12. A lithium secondary battery according to any of Claims 3 to 11, wherein the metal foil is composed mainly of Al, Cu 
or Ni. 

13. A lithium secondary battery according to any of Claims 3 to 12, wherein the metal foil is coated with a fluororesin. 

14. A lithium secondary battery according to any of Claims 1 to 13, wherein the deformation of the elastomer in the load 
direction is larger than the spring-back amount of the caulked portion and the stress applied to the elastomer is not 
smaller than 980 kPa and not larger than a level at which the retention of elasticity of the elastomer becomes 95% 
or more. 

15. A lithium secondary battery according to any of Claims 1 to 14, wherein the elastomer is a packing processed to a 
req uired dime nsion. 

16. A lithium secondary battery according to any of Claims 1 to 15, wherein the elastomer is any of an ethylene-propyl- 
ene rubber, a polyethylene, a polypropylene and a fluororesin. 



17. A lithium secondary battery according to any of Claims 1 to 1 6, wherein a stopper is provided for at least one of the 
members pressure-welded to each other via an elastomer, for controlling the deformation of the elastomer. 

45 18. A lithium secondary battery according to Claim 17, wherein the stopper is provided in the pressure-releasing hole 
formed in the lid of battery case. 

19. A lithium secondary battery according to any of Claims 1 to 18, wherein the non-aqueous electrolytic solution con- 
tains a carbonic acid ester type organic solvent 



50 



20. A lithium secondary battery according to any of Claims 1 to 19, which uses, as the positive electrode active sub- 
stance, a lithium manganese oxide spinel composed mainly of Li and Mn. 




21. A lithium secondary battery according to any of Claims 1 to 20, which has a capacity of 2 Ah or more. 



22. A lithium secondary battery according to any of Claims 1 to 21 , which is used in an electric vehicle or a hybrid elec- 
tric vehicle. 
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Fig.3 



Fig.5 
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Fig.6 



Fig.7 




Fig.8 
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Fig. 13 (a) 
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Fig. 13(b) 
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Fig. 13(c) 
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Fig. 13(d) 
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